In the field of medicine, silver nanoparticles (Ag NPs) with their distinctive characteristics represent an interesting new cancer therapy. Cancer is a serious disease, despite the recent advances in its treatment; there are still some cases that are resistant to the current therapy. Aim of the work: This study aimed at examining the characteristics of 2 forms of silver nanomaterial (Ag NPs 1 and Ag NPs 2) and investigating their effect on breast cancer (MCF7) and liver cancer (HEP-G2) as well as on human normal melanocytes cell lines (HBF4). Materials and methods: It was found that both samples of nanoparticles have negative surface charge and their mean sizes were 9.02 nm and 24.6 nm respectively. Both Ag NPs 1 and Ag NPs 2 had a dose-dependent cytotoxicity on MCF7 and HEP-G2 with negligible effect on normal cell line (HBF4) measured by MTT assay. Results: Inhibitory Concentration 50 of Ag NPs1 and Ag NPs2 were 20.06 and 16.03 nmol/ml respectively. The resultant cell death was via apoptosis as illustrated by the inverted light microscopy. RT-PCR assessment revealed significant upregulation in Caspase 3 gene expression in the malignant cell lines exposed to each silver nanomaterials and remarkable downregulation VEGF and upregulation in TNF-α in either cancer cell line exposed to Ag NPs2 only. Meanwhile, the change in these cellular markers was minimal in normal human melanocyte cell line. Conclusion: This study indicates that silver nanoparticles can be used as anticancer agent with minimal effect on normal tissues. The cell viability depends not only on the size of Ag NPs but also their shape, surface charge and degree of repulsion between particles and aggregation.
INTRODUCTION
Nanomedicine is an upcoming field that could potentially make a major impact on human health [1] . Engineered nanoparticles (NPs) are commercially produced materials having at least one dimension less than 100 nm [2] . Nanotechnology has brought a great revolution in industry. Due to their excellent physicochemical and electrical properties, nanomaterials have gained considerable attraction in the field of biotechnology and electronics [3] . In the field of medicine, NPs are being employed as a novel delivery system for drugs, proteins, DNA, and monoclonal antibodies [4] .
Among all the metallic nanomaterials, silver nanoparticles (Ag NPs) hold a special attention for their use in different research areas due to their unique physical properties [5] . They are commonly used for antimicrobial coatings and biomedical devices, as they constantly release a low dose of silver ions to prevent bacterial infection [6] . Consequently, scientists are interested in using nanomaterials as a novel tool that can specifically target tumor cells [7] .
Cancer is a complex disease characterized by uncontrolled proliferation and dissemination of abnormal cells caused by a combination of genetic and environmental factors [8] . The fundamental causes for development of cancer are abnormalities in the growth factors or dysregulation of apoptosis, which is a programmed cell death that involves the controlled dissociation of intracellular components without triggering inflammation or damage to surrounding cells [9] . There are numerous genes controlling cell growth and the process of apoptosis, among them VEGF is the key mediator of angiogenesis in cancer, and the growth of tumor cells [10] . Additionally, Caspase 3 is among executive caspases that induces cell death via apoptosis and its over expression or loss were reported in malignant tumors [11] [12] [13] . Likewise, TNF-alpha plays a role in controlling apoptotic cell death, as well as cell growth [14] .
Despite of the recent advances in treatment of malignant tumors with availability of target therapy, there are still challenging cases that are resistant to the available systemic therapies [15, 16] . Moreover, these traditional chemotherapeutic agents have numerous side effects [17] . Therefore, the challenge is to identify effective molecules that have high specificity and sensitivity targeting malignant cells with less impact on normal tissues. This study was designed to examine the physical characteristics of 2 different samples of sliver nanoparticles and investigate their potential cytotoxicity on normal human melanocytes, liver cancer (HEP-G2) and breast cancer cell lines (MCF7). The second objective was to evaluate their effects on Caspase 3, TNF-α and VEGFgenes' expressions.
MATERIAL AND METHODS

Characterization of silver nanoparticles
Two samples of silver nanoparticles were purchased from Sigma-Aldrich. Fresh Ag NPs stock solutions were prepared immediately before testing using deionized (DI) water.
• Zeta potential measurements
The samples obtained were designated as AgNPs1 and AgNPs2. Their surface charge and average size distribution were determined by Zeta potential and dynamic light scattering (DLS) using a Zetasizer (Nano ZS, Malvern, UK) with a He-Ne laser (633 nm) using a non-invasive backscatter method (detection at 173o scattering angle) at 25 oC. The stability of Ag NPs was quantified by measuring the value of Zeta potential, which indicates the degree of repulsion between charged particles in Ag nanosuspensions.
• High Resolution Transmission Electron Microscope (HR-TEM) Shapes and sizes of both specimens were investigated by high resolution transmission electron microscope (HR-TEM, Jeol-Jem2100, Japan) operated at 200 KV. A drop of Ag NPs suspension was placed on a carbon coated copper grid and dried under infrared lamp for characterization.
Cell culture
American Type Culture Collection (ATCC) cell lines of HEP-G2 (liver carcinoma cell line), MCF7 (breast adenocarcinoma) and melanocyte normal cell line (HBF4) were supplied from Tissue Culture Department-VACSERA-EGYPT. Sigma-Aldrich Chemical Co., St. Louis, Mo, U.S.A., was the source of the following chemicals: tris EDTA buffer and sulfo-rhodamine-B stain.
All cell lines used were of Homo sapiens origin. They were grown in a sterile tissue 75 cm3 flask in complete medium containing Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) and antibiotics (100 U/ml penicillin and 100 mg/ml streptomycin) in 5% CO2 incubator at 37 °C.
Calculation of Inhibitory Concentration 50 (IC50) of Ag NPs1 and Ag NPs2
The potential cytotoxicity of Ag NPs1 and Ag NPs2 was tested using the method of Skehan et al. [18] . To calculate IC50, HEP-G2 cells were plated in 96-multiwell plate (104cells/well) for 24 hrs before treatment with the either Ag NPs to allow attachment of cell to the wall of the plate. Different concentration of each material (5,12.5,25 ,50 nmole/ml) were added to the cell monolayer. The relation between surviving fraction and silver nano concentrations was plotted to get the survival curve of HEP-G2 cells after treatment with either material. The IC50 of Ag NPs1 was20.6 nmole/ml and of Ag NPs2 was 16.3 nmole/ml. Then, according to IC50 concentration, Ag NPs1 and Ag NPs2 preparations were applied to the three types of studied cell lines for 24 hours. For further PCR work the cells were propagated in 24 well tissue culture plates containing 105 cells/500 µl per well.
Cytotoxic MTT assay
The MTT Reagent and detergent solution were obtained from TACS TM TREVIGEN ®8404Hegerman Ct. Gaithersburg, supplied ready to use. The optical Density (O.D) values were measured at 450 nm using an ELISA reader (Dynatech MRX 5000; Dynex, Chantilly, VA). The experiment was carried out in triplicates and the average of the viable cells was calculated. A graph was plotted between the percentage of cell viability and concentration.
Quantitative RT-PCR
Real time PCR was performed for quantitative genes expression level of Caspase 3, TNF-α and VEGF. Different cell lines of all studied groups were trypsinized and centrifuged to form cell pellet. Cell lysis buffer was added to cell pellet. RNA was extracted from cell lysate using Thermo Fisher Scientific Inc. Germany kit (GeneJET, Kit, #K0732) according to manual instructions. Ten ng of total RNA from each sample were used for reverse transcription with subsequent amplification with Bioline a median life science company, UK (SensiFASTTMSYBR®Hi-ROX) one-step Kit (catalog no. PI-50217 V) in a 48-well plate using the Step One instrument (Applied Biosystem, USA). Thermal profile was as follows: 45°C for 15 minutes one cycle (for c DNA synthesis), 10 minutes at 95°C for reverse transcription enzyme inactivation followed by 40 cycles PCR amplification. Each cycle was 10 seconds at 95°C, 30 seconds at 60°C and 30 seconds at 72°C. Changes in the expression level of each target gene were normalized relative to the mean critical threshold (CT) values of 18sRNA as housekeeping gene by ΔΔCt method. Primers sequence for all studied genes is demonstrated in (Table 1) .
Statistical analysis
Results are expressed as mean ± standard error of mean (SEM) and analyzed for statistically significant differences using one-way analysis of variance (ANOVA) followed by the least significant difference (LSD) post hoc test to compare the means from different groups or t-test if comparing between two group. P<0.05 was considered significant. SPSS 17 for Windows was used for statistical calculations (IBM SPSS Statistics, San Diego, California, USA).
RESULTS
Characterization of Silver Nanoparticles
Zeta potential measurements of Ag NPs1 and Ag NPs2 are compared in Table2. Ag NPs in aqueous solution carry negative charges due to the presence of Ag (OH)2 species on its surface, which result from oxidation of metallic silver in the presence of Oxygen [19, 20] . AgNPs2have stronger electrostatic repulsion force than Ag NPs1as it has more negative mean value of Zeta potential.
Size distributions of Ag NPs1 and Ag NPs2 are illustrated in (Figure 1 ). Their Zeta potential values indicate that they are electrically stable, which may be the main reason of achieving a narrow particle size distribution. In addition, both samples have surface charge (strongly anionic) which makes them suitable for biological applications [21] .
HR-TEM analysis of silver nanoparticles showed that Ag NPs1 sample was composed of uniform spherical shaped nanoparticles with mean size around 9.02 nm (Figure 2a ). Whilst Ag NPs2 sample was formed of bigger nanoparticles, average size about 24.3 nm but their shape was uncontrolled with some aggregations (Figure 2b ).
Cytotoxicity assay (MTT)
The applications of Ag NPs1 and AgNPs2 revealed a dose-dependent cytotoxicity on HEP-G2 as shown in (Figure 3) . The pattern of their responses is very similar but the individual IC50 was different at 20.6 and 16.3 nmole/ml respectively. Induction of apoptosis was the main underlying mechanism of cytotoxicity. The inverted microscope illustrated the presence of these morphological changes of apoptosis (e.g. cell shrinkage, apoptotic bodies) in (Figure 4) 
q RT-PCR results
Relative expression of mRNA of VEGF was significantly upregulated in both HEP-G2 and MCF7 untreated cell lines when compared to normal melanocytes control cell line (Table 3) . On the contrary, alterations in Caspase 3 and TNF-α genes level expression in cancer cells were minimal in comparison to normal cell lines ( Table 3 ).
Effect of silver nanoparticleson Caspase 3, TNF-α and VEGFgenes level expression on human normal melanocytes
On normal melanocyte cell line, the two forms of Ag NPs had an insignificant effect on gene level expression of Caspase 3. Similarly, there was insignificant downregulation in VEGF and TNF-α genes expression level in response to Ag NPs1 whilst there was a significant downregulation in both genes expression level in response to Ag NPs2 as shown in ( Figure 5) 
Effect of silver nanoparticles on Caspase 3, TNF-α and VEGF genes' expression on HEP-G2 and MCF7
HEP-G2and MCF7 cell lines response to Ag NPs1 and Ag NPs2 is shown in (Figure 6 and Figure 7) respectively. Caspase 3 gene expression level was considerably upregulated after application of both forms of Ag-NPs. Whilst exposure to Ag NPs1 led to insignificant downregulation in VEGF and unremarkable upregulation in TNF-α, Ag NPs 2 led to significant downregulation in VEGF gene expression level and remarkable upregulation in TNF-α gene expression level compared to their untreated group. 
DISCUSSION
Nanomaterials, specifically silver nanoparticles, with their unique physical characteristics could provide new molecules for cancer therapy. The therapeutic effect of silver nanoparticles may elicit through manipulation of their physical characteristics [22] . Consequently, this study aimed at examining 2 different forms of silver nanoparticles and illustrating their cytotoxicity on human normal melanocytes(HBF4) and 2 different cancer cell lines(MCF7 and HEP-G2) as well as evaluating the changes in some markers involved in carcinogenesis. The characterization of both materials revealed the precise mean size of Ag NPs 1 to be 9.02 nm and that of Ag NPs 2 was 24.3 nm. Both samples have negative surface charge and they were stable as their Zeta potential was between±10 to± 30 [23, 24] . In addition, nanoparticles with surface charge (either positive or negative) have more cytotoxic effect in comparison with their neutral counterparts [25] . Regarding their shape, Ag NPs1was spherical and dispersed while Ag NPs 2 was of unfixed shape with aggregations. Different shapes of nanomaterial were described in the literature, which included the spherical forms and many other shapes with occasional formation of aggregates [26, 27, 28] . The shape of silver nanomaterial affects their biological activity. Whilst silver nanospheres acted as strong antibacterial agent than triangular ones in a study done by Raza et al. [29] and Stoehr et al. [30] described no effect of spherical silver nanoparticles on viability of A549 cells.
The dose dependent effect of silver nanoparticles on cell viability was recorded in this work similar to previous studies [31, 32] .The IC50 figures for Ag NPs 1 and Ag NPs 2, when applied to HEP-G2 were 20.6 and 16.3 nmol/ml respectively. Application of these IC50 of either silver nanoparticles on normal human melanocyte cell line, for 24 hours, showed negligible changes in the cellular morphology. On the other hand, both forms of Ag NPs led to comparable cell death with considerable apoptotic changes in HEP-G2 and MCF7 cell lines. Induction of apoptosis explained the decrease in cell viability in previous works particularly with negatively charged nanoparticles [32, 33] . Azizi et al. [34] studied the effect of silver nanoparticles on multiple cell lines and each had a different IC50. In their work, MCF7 cell line's IC50 was 21nmole/ml, which is close to the figures observed in this experiment. However, diversity of IC50 of silver nanomaterial was noted in previous researches [32, 35, 36] . Yet, there was a difficulty in comparing cytotoxic doses of nanomaterial among various studies because of the use of different ways of expressing the concentration of nanoparticles' solutions as there is still a debate about the dose unit that should be used in nanotoxicology [37, 38] .
IC50 was less for Ag NPs 2, though Ag NPs 1 was smaller in size with expected higher toxicity and lower IC50 as previously declared by Liu et al. [39] and Zhang et al. [40] . However, the effect of nanoparticles on cell viability depends, in addition to their size, on other factors like their shape, surface charge and degree of repulsion between particles as well as the presence of aggregations, which in this work were in favor of Ag NPs 2 [26, 30, 41] .
Regarding the evaluated genes in this work, the level of mRNA gene expression of VEGF gene was significantly higher in both malignant cell lines in comparison to their magnitudes in normal human melanocytes. This finding was anticipated because of the documented role of VEGF gene in the development of breast and liver carcinoma [42, 43] . However, there was no significant difference between levels of Caspase 3 and TNF-α genes' expression between the control/untreated groups of the 3 examined cell lines, which indicates that abnormalities of this cascade were not involved in the process of carcinogenesis in those cancer cell lines supposed to the experiment.
In this study, application of Ag NPs 1 on normal human melanocyte cell led to insignificant alterations in all assessed markers in comparison to the control. Meanwhile Ag NPs 2 induced unremarkable changes in Caspase 3 mRNA gene expression level and considerable downregulation in both VEGF and TNF-α. As the TNF-α gene downregulation (being apoptotic inducer) could counteract the downregulation of VEGF (growth promotor), this would explain the observed insignificant morphological changes in these cells upon exposure to either sample of Ag NPs. Similarly, Azizi et al. [34] observed no effect on normal cells exposed to silver nanomaterial (mean diameter 4.6nm) at concentration of 21nmol/ml for 24 hours and Sriram et al. [44] reported little effect of silver nanoparticles (size 50 nm, concentration 0.5nmole/ml) on normal cell line. On the other hand, AgNPs led to comparable cell death with considerable apoptotic changes as well as alterations in the levels of the evaluated genes in HEP-G2 and MCF7 cell lines. Where Ag NPs 2 induced significant decrease in VEGF gene expression level, and a rise in Caspase 3 and TNF-α genes' expression level, Ag NPs 1 led to significant upregulation of Caspase 3 and unremarkable changes in VEGF and TNF-α gene expression levels in both HEP-G2 and MCF7. Therefore, the underlying molecular changes induced by either nanoparticle were not exactly the same. Yang et al. [45] described the inhibitory effect of silver nanoparticle on VEGF gene expression. In concordance with current results, Baharara et al. [28] described a Caspase 3 gene upregulation in cell lines upon application of Ag NPs. However, Caspase 3 upregulation in response to Ag NP2, in each cell line, was much higher than its increase in response to Ag NPs 1. The reason for this difference is that Ag NPs2 led to significant increase in TNF-α gene expression that in turn augment Caspase 3 upregulation [46] while Ag NPs 1 did not result in a remarkable change in TNF-α gene expression. Herzog et al. [47] reported no effect of Ag NPs on the cellular level of TNF-α gene expression similar to Ag NPs 1 in this experiment. Contrarily to the present findings, Parnsamut and Brimson [48] reported a TNF-α gene downregulation in T-lymphocyte leukemic (Jurkat) cells in response to Ag NPs, however, the dose they applied was below their calculated IC50. This variability in genes expression levels could illustrate the molecular basis for the lower IC50 of Ag NPs 2 compared to Ag NPs 1 despite the smaller size of the later. Nevertheless, all the aforementioned genes' changes induced by the application of either Ag NPs led to decline in malignant cell proliferation and increase in their rate of death.
CONCLUSION
In conclusion, silver nanoparticles induce dosedependent cytotoxicity. However, their effective dose depends on their size, shape and surface charge as well as the nature of cells. Silver-nanomaterials can selectively affect MCF7 and HEP-G2 cell lines with negligible influence on normal melanocytes. Ag NPs inhibit either malignant cell lines survival by down regulating angiogenesis and tumor growth inducing marker VEGF and they stimulate apoptotic cell death via upregulation of Caspase 3 and TNF-α.Consequently, silver nanoparticles are candidate to be an effective recommended therapy for breast and hepatocellular carcinoma. Further studies investigating their influence on various cell lines and examining alterations in additional genes are prerequisite to ensure their safety and efficacy as an anticancer agent.
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